The nucleotide and deduced amino acid sequences of the non-structural (NS) protein genes of bovine respiratory syncytial virus (BRSV) strain A51908 were determined. The NS1 and NS2 genes were 524 and 489 nucleotides long with single open reading frames, encoding polypeptides of 136 and 124 amino acids, respectively. Comparison of the NS 1 gene of BRSV with the corresponding sequences ofovine respiratory syncytial virus (ORSV) and human respiratory syncytial virus (HRSV) subgroups A and B revealed 82, 67 and 65 % identity at the nucleotide level, and 89, 69 and 68 % identity at the amino acid level, respectively. The nucleotide identity of the NS2 gene of BRSV to those of ORSV and HRSV subgroups A and B was 80, 69 and 67 % and the predicted amino acid identity was 87, 84 and 83 %, respectively. The intergenic sequences of the NS1-NS2 and NS2-N gene junctions of BRSV were determined and found to be 13 nucleotides shorter and 29 nucleotides longer, respectively, than the corresponding regions of HRSV.
The nucleotide and deduced amino acid sequences of the non-structural (NS) protein genes of bovine respiratory syncytial virus (BRSV) strain A51908 were determined. The NS1 and NS2 genes were 524 and 489 nucleotides long with single open reading frames, encoding polypeptides of 136 and 124 amino acids, respectively. Comparison of the NS 1 gene of BRSV with the corresponding sequences ofovine respiratory syncytial virus (ORSV) and human respiratory syncytial virus (HRSV) subgroups A and B revealed 82, 67 and 65 % identity at the nucleotide level, and 89, 69 and 68 % identity at the amino acid level, respectively. The nucleotide identity of the NS2 gene of BRSV to those of ORSV and HRSV subgroups A and B was 80, 69 and 67 % and the predicted amino acid identity was 87, 84 and 83 %, respectively. The intergenic sequences of the NS1-NS2 and NS2-N gene junctions of BRSV were determined and found to be 13 nucleotides shorter and 29 nucleotides longer, respectively, than the corresponding regions of HRSV.
Bovine respiratory syncytial virus (BRSV) is a major cause of respiratory tract disease in calves (Paccaud & Jacquier, 1970; Bohlender et al., 1982; Collins et al., 1988) . BRSV and human respiratory syncytial virus (HRSV) belong to the genus Pneumovirus of the family Paramyxoviridae. The proteins of these two viruses are antigenically related, except for the attachment (G) protein which is antigenically distinct (Lerch et aL, 1989; Orvell et al., 1987; Taylor et al., 1984; Trudel et al., 1989) . The genome of respiratory syncytial virus (RSV) is a single-stranded negative-sense RNA of approximately 15 000 nucleotides. The BRSV genome, like that of HRSV, encodes 10 mRNAs (Lerch et al., 1989) and the protein composition of these viruses is very similar, with only minor differences in Mr between corresponding proteins (Cash et al., 1977; Lerch et al., 1989; Trudel et al., 1989; Mallipeddi et al., 1990) . The nucleotide sequences of all 10 mRNAs of HRSV have been determined (Collins, 1991, and references therein) . However, the nucleotide and deduced amino acid sequences of only the G, F, N, P, M, SH and M2 genes of BRSV have been reported (Lerch et al., 1990; Mallipeddi et al., 1992; Walravens et al., 1990) . The intergenic sequences of all the genes of BRSV except the NS1-NS2 * Author for correspondence. Fax +1 301 935 6079. e-mail Siba_k_Samal@umail.umd.edu
The nucleic acid sequence data reported in this paper have been deposited in the GenBank database under the accession numbers U15937 (NS1) and U15938 (N52). and the NS2-N regions have also been published (Zamora & Samal, 1992) .
RSV is unique among paramyxoviruses in having two non-structural (NS) proteins (Collins et al., 1986) . The NS proteins are among the most abundant RSV proteins in infected cells (Collins & Wertz, 1983) . The functions of NS proteins are not known and it is thought that they might be involved in virus replication (Collins & Wertz, 1985) . Although the sequences of the NS genes of HRSV are known (Collins & Wertz, 1985; Johnson & Collins, 1989) , the sequences of the NS genes of BRSV have not been determined. Here, we describe the sequences of the NSI (1C) and NS2 (1B) protein genes and the NS1-NS2 and NS2-N intergenic regions of BRSV strain A51908 and compare these sequences with their published counterparts for the ovine respiratory syncytial virus (ORSV) and HRSV.
BRSV strain A51908, isolated in Maryland, USA, in 1975 (Mohanty et al., 1975) , was partially purified using the protocol described by Huang et al. (1985) . Genomic RNA (vRNA) of the BRSV was obtained after proteinase K digestion and phenol-chloroform extraction. The NS1 and NS2 genes along with the intergenic sequences were obtained by reverse transcriptasepolymerase chain reaction (RT-PCR) using conditions specified by the manufacturer (Perkin-Elmer). Since the nine nucleotide gene-start sequence (GGGGCAAAT) of both HRSV and BRSV genes is conserved, we chose to use it as a positive-strand primer for RT-PCR amplification of the NS2 gene. (Alansari & Potgieter, 1994; Collins & Wertz, 1985; Johnson & Collins, 1989) . Only amino acids that differ from the A51908 sequences are shown. Collins & Wertz (1985) and Johnson & Collins (1989) . $ Numbers in parentheses indicate amino acid identity.
the N gene (5' CGGGATCCTTGTTGAAAGTGTC 3') was used to amplify by RT-PCR a region of the vRNA corresponding to the NS2-N genes. The sequence of the N gene of BRSV strain A51908 is known . The amplified product was cloned directly into the pCR II cloning vector (Invitrogen). The nucleotide sequence of the NS2 gene of BRSV was derived from three different cDNA clones by the dideoxynucleotide chain termination method using synthetic oligonucleotide primers (Sanger et al., 1977) . The NSI gene was obtained by RT-PCR using the gene-start primer and a negative-strand primer (5' CTCTAAGAAACCATCA-TG 3'; nucleotides 325-342 of the NS2 gene). The NS1 gene was cloned and sequenced as described above. The NS1 gene of BRSV strain A51908 was 524 bases long, excluding the poly(A) tail. The gene-start and geneend consensus sequences were identified at positions 1 to 9 and 517 to 524, respectively, by comparison with other BRSV mRNA sequences , as shown in Fig. l(a) . The 5' and 3' noncoding sequences were 55 and 61 bases long, respectively. A single open reading frame (ORF) of the NS1 gene of BRSV encoded a potential polypeptide of 136 amino acids with a predicted M r of 15 246 (Fig. 1 b) . Comparison of the overall nucleotide sequences of the NS 1 gene of BRSV with those of ORSV (Alansari & Potgieter, 1994) and HRSV strains A2 and 18537 (Johnson & Collins, 1989) showed 82, 67 and 65 % identity, respectively. The NS1 polypeptide of BRSV showed 89, 69 and 68% amino acid identity with those of ORSV and HRSV strains A2 and 18537, respectively (Table 1 ). The NS1 polypeptide of BRSV was three amino acids shorter than the corresponding polypeptide of HRSV.
The NS2 gene of BRSV strain A51908 was 489 nucleotides long [exclusive of the poly(A) tract], with 30 and 87 bases of non-coding sequences at the 5' and 3' ends, respectively (Fig. 2 a) . The NS2 gene of BRSV was two and 11 bases shorter than the NS2 genes of ORSV and HRSV, respectively. Comparison of the overall nucleotide sequences of the NS2 gene of BRSV with those of ORSV (Alansari & Potgieter, 1994) and HRSV strains A2 and 18537 (Johnson & Collins, 1989) showed 80, 69 and 67% identity, respectively (Table 1 ). The sequence of the NS2 gene of BRSV contained a single ORF of 372 nucleotides (nucleotides 31-402). The predicted polypeptide was 124 amino acids long, identical in length to the NS2 polypeptides of ORSV and HRSV strains A2 and 18537 (Fig. 2b) . It had a calculated M r of 14576, consistent with that estimated from SDSpolyacrylamide gels (Mallipeddi et al., 1990) . The NS2 polypeptide of BRSV strain A51908 showed 87, 83 and 84 % amino acid identity with those of ORSV and HRSV strains A2 and 18537, respectively (Table 1) . Comparison of the amino acid sequences of NS2 proteins of BRSV and HRSV strains showed that the C-terminal portion of the molecule (amino acids 76 to 124) was more conserved (90-92% identity) than the N-terminal part of the molecule (amino acids 1 to 45; 64-67 % identity) (Fig.  2b) . The NS2 gene of a different BRSV strain, WSU-1248, isolated in Washington state, USA, in 1980, was sequenced for comparison. Alignment of the NS2 gene sequences of both strains of BRSV showed 96% and 94 % nucleotide and amino acid identities, respectively.
Analysis of the nucleotide sequences of the NS genes showed that the coding regions were more conserved among the RSV strains than the 3' and 5' end non-coding regions, excluding the conserved gene termini (Table 1) . This is in agreement with previous observations that non-coding regions are less conserved than the coding regions (Johnson & Collins, 1989; Zamora & Samal, 1992) . The 3' end non-coding region of the NSI gene of BRSV was four nucleotides shorter than the corresponding region of the NS 1 gene of HRSV, whereas the 3' end non-coding region of the NS2 gene of BRSV was eight nucleotides shorter than the corresponding region of the NS2 gene of HRSV (Figs 1 and 2) . The 5' end noncoding region of the NS2 gene of BRSV was one and two nucleotides shorter compared to the corresponding region of the NS2 gene of ORSV and HRSV.
The intergenic region between NS1 and NS2 genes of BRSV strain A51908 consists of only six nucleotides, compared to 19 and 17 nucleotides in the corresponding regions of HRSV strains A2 and 18537, respectively. The intergenic region between NS2 and N genes of BRSV strain A51908 comprises 55 nucleotides, which is 29 nucleotides longer than the corresponding region in HRSV strains A2 and 18537. There is very little identity Short communication (Alansari & Potgieter, 1994; Collins & Wertz, 1985; Johnson & Collins, 1989) . Only amino acids that differ from the A51908 sequences are shown.
TAAGTATGATTTAAATCCATAGGCACTTATCAAAATTCAATTCACA-CAATGTTA
between the NS2-N intergenic regions of BRSV and HRSV strains. This is in agreement with the previous observation that the intergenic sequences do not show significant sequence conservation between BRSV and HRSV (Zamora & Samal, 1992) . The observed high level of variation in length and sequence of the NS I-NS2 and NS2-N intergenic region of BRSV compared to the corresponding sequences of either HRSV subgroup A or B reinforces the previous suggestion that BRSV and HRSV diverged early in their evolution, and BRSV strains may constitute a separate subgroup (Zamora & Samal, 1992) . The sequences of NS1-NS2 and NS2-N intergenic regions of ORSV have not been reported.
In conclusion, the work presented here describes the nucleotide sequences of the NS 1 and NS2 genes including the NS1-NS2 and NS2-N intergenic regions of the BRSV strain A51908. A high degree of identity was observed between the NS genes of BRSV and ORSV strains at both the nucleotide and the amino acid level. A low degree of identity at the nucleotide and the amino acid level was observed between the NS genes of BRSV and HRSV. The high level of sequence identity between the NS genes of BRSV and ORSV indicates that the ungulate RSV strains are more closely related and the NS genes could be used for identifying ungulate RSV isolates.
